Fragments of Lactococcus lactis subsp. lactis NP45 chromosomal DNA provided promoter activity in Escherichia coli when cloned into the promoter probe vector pGKV210. Only 13% of these recombinant plasmids promoted detectable cat-86 activity when transferred to L. lactis, i.e., expressed chloramphenicol resistance. In these promoter-containing versions of pGKV210, the cat-86 gene specifies chloramphenicolinducible chloramphenicol acetyltransferase expression. This could be a limiting factor for cloning of promoters with lower activity in L. lactis. Therefore, we have constructed a new promoter probe vector, pBV5030, with the mutated version of the cat-86 gene, which is constitutively expressed when transcriptionaHly activated by the insertion of a promoter. We found that in L. lactis IL1403 the constitutively expressed cat-86 gene (on a pBV5030 derivative) has four times higher activity than the inducible version of the same gene (on a pGKV210 derivative) when both have the same promoter inserted upstream of the cat-86 gene. These results suggest that plasmid pBV5030 could be a more efficient vector for the cloning of promoters from lactococci.
Lactic acid bacteria are not pathogenic for humans and animals and therefore could be desirable hosts for cloning and expressing foreign genes. Thus, studying regulation of transcription and translation in lactic acid bacteria is of great importance, since it could facilitate the construction and use of expression vectors.
The analysis of promoter structure and function mainly depends on adequate promoter probe vectors which allow this cloning of various categories of promoters upstream of a promoterless reporter gene. Plasmid pGKV210 is the first one constructed for the selection of promoter-containing fragments in Lactococcus lactis (18) . It also replicates in Bacillus subtilis and Escherichia coli. In plasmid pGKV210, the promoterless reporter gene is the inducible cat-86 gene (7, 14) preceded by a multiple cloning site. Screening of lactococcal promoters with vector pGKV210 has already been done with L. lactis subsp. lactis and B. subtilis as hosts (19) . Recently, cloning of promoters from the temperate lactococcal bacteriophage BK5-T into promoter-detecting plasmid pMU1328 has also been reported (12) .
Studies of cat-86 gene expression in B. subtilis have shown that inducibility results from the activation of the translation of cat-86 mRNA by drug-modified ribosomes in a process that has been termed translational attenuation (1) . The constitutively expression version of the cat-86 gene in B. subtilis plasmid pPL708AAC1 specifies chloramphenicol acetyltransferase (CAT) activity that is four times higher than the activity specified by the inducible version of the gene behind the same promoter (2) .
To increase the possibilities of cloning lactococcal promoters of different strengths, we have constructed a new lactococcal promoter probe vector, pBV5030, based on pGKV210 but having a cat-86 gene which can be constitutively expressed. We present a comparison of activities of the same promoter cloned in front of both versions of the cat-86 gene (in vectors pGKV210 and pBV5030). * Corresponding author.
MATERIALS AND METHODS
Bacterial strains, media, and reagents. The bacterial strains and plasmids used in this work are listed in Table 1 . Lactococcal strains were cultivated in M17 medium (16) containing glucose (0.5%; GM17). Luria both (LB) was used for cultivating E. coli. GM17 and LB broth were solidified with 1.5% agar (Difco) when used as agar plates. Erythromycin (Em), supplied by Boehringer, was added at final concentrations of 2.5 ,ug/ml for L. lactis and 200 ,ug/ml for E. coli. Chloramphenicol (Cm), supplied by Sigma, was added at final concentrations of 5 to 50 ,ug/ml for L. lactis and 20 to 1,000 ,ug/ml for E. coli. Restriction enzymes and T4 DNA ligase, supplied by Pharmacia, were used according to the manufacturer's instructions.
Plasmid, DNA fragments, and chromosomal DNA isolation. Plasmid DNA from E. coli was isolated by the alkaline lysis method of Birnboim and Doly (4 (20) .
After digestion of plasmids pBV502 and pPL703AAC1 with PstI and Hindlll restriction enzymes, DNA fragments were separated on 1% agarose (Sigma) gels. DNA fragments were then isolated from the gels by the electroelution method (1 h, 100 V), purified by PCI treatment (phenol, chloroform, and isoamylalcohol in the volume ratio 10:9:1), and resuspended in sterile double-distilled water.
Chromosomal DNA from lactococci was isolated by the method of Gasson (8) .
Transformation of cells with ligation mixture. Ligation was carried out by the method of Maniatis et al. (13) . The ligation mixture (total, 1 ,ug of DNA) was incubated at 15°C for 18 h and then purified by PCI treatment and resuspended in 10 ,li of sterile double-distilled water.
A logarithmically growing culture of L. lactis IL1403 (A600 = 0.4; approximately 3 x 108 CFU/ml) was used for electroporation. Cells, washed twice in sterile double-distilled water, were concentrated 50 times in sterile double-distilled water. Ligated and purified DNA (prepared as above) was added to 200 ,ul of this cell suspension and transferred into 2-mm electroporation cuvettes. Electroporation was carried out with a GENE PULSER equipped with the Pulse Controller attachment supplied by Bio-Rad Laboratories. For standard high-efficiency transformation, cell suspensions containing ligated DNA were pulsed at the setting of 25 ,uF, 2.5 kV and 200 QL. Immediately after the electric discharge, 1.8 ml of MMP mix (M17; 0.5% glucose, 10 mM MgCl2, 2.5 mM KCI) was added to the cuvette. The whole mixture was incubated for at least 2 h at 30°C with or without induction with sublethal concentrations of chloramphenicol (1 ,ug/ml). Electroporated cells were plated onto GM17 selective agar plates and incubated at 30°C.
Transformation of competent E. coli MM294 cells was performed by a standard procedure (13) .
RESULTS
Promoter cloning in plasmid pGKV210. Cloning of promoters from chromosomal DNA of L. lactis subsp. lactis NP45 was carried out with vector pGKV210. Chromosomal DNA and vector pGKV210, digested with restriction enzymes Sau3A and BamHI, respectively, were ligated. The ligation mixture was used to transform E. coli MM294. Transformants selected for growth on LB plates containing 100 ,ug of chloramphenicol per ml (EBV transformants) were screened for resistance to higher levels of chloramphenicol. About 100 transformants resistant to 1 mg of chloramphenicol per ml were chosen for further testing: at least 39 contained plasmids with fragments of different sizes. Plasmids from these 39 EBV transformants were extracted and used to transform L. lactis MG1363 (SBV transformants). Selection was made for resistance to erythromycin (2.5 pug/ml).
Testing of the SBV transformants obtained for resistance to chloramphenicol revealed that the cloned promoter-containing fragments could be divided into two classes (Table 2) . Chloramphenicol resistance (Cmr) in L. lactis was not as high as that in E. coli (Table 2 ). This result could be explained by the difference in copy number of plasmid pGKV210 in E. coli (62 copies) and L. lactis (3 copies). These copy numbers were obtained for a plasmid with the same origin of replication (10) .
Construction of plasmid pBV5030. Our strategy was to change the regulatory region of the cat-86 gene responsible for the inducibility by replacing it with the same region from the constitutively expressed cat-86 gene (Fig. 1) . We used plasmid pBV502 (4,770 bp) for this construction. Plasmid pBV502 has a promoter fragment of 370 bp cloned in pGKV210. This promoter is expressed in both E. coli MM294 and L. lactis MG1363 (Table 2 ). Plasmid pPL703 AAC1 (4,967 bp) was the source of the constitutively expressible cat-86 gene. This plasmid carris a deletion and duplication within the region involved in the control of cat-86 gene inducibility, making it constitutively expressible (2) . Plasmids pBV502 and pPL703AAC1 were digested with restriction enzymes PstI and HindIII. The larger fragment of plasmid pBV502 (4,140 bp) and the smaller fragment of plasmid pPL703AAC1 (551 bp) were isolated and ligated. The ligation mixture was used to transform E. coli MM294. Transformants were directly selected on LB plates containing chloramphenicol (20 p.g/ml). Subsequent restriction enzyme analysis of the DNA of one of the transformants proved that we were dealing with the new plasmid, designated pBV503 (Fig. 1) . The level of Cmr in E. coli containing plasmids pBV502 and pBV503 was the same (1 mg/ml) (data not shown). The promoter-carrying fragment from plasmid pBV503 was removed by digestion with restriction enzymes EcoRI and PstI and replaced by the multiple EcoRI-PstI cloning site from pUC18, using the same restriction enzymes. The resulting construct is the new promoter probe vector pBV5030, with a cat-86 gene that can be constitutively expressed (Fig. 1) .
Test of CAT expression in plasmids pBV502 and pBV503. To elucidate the influence of the regulatory region of the cat-86 gene on the level of Cmr in lactococci, we transformed L. lactis IL1403 with plasmids pBV502, pBV503, pGKV210, and pBV5030, using a selection for resistance to erythromycin (2.5 ,ug/ml). We tested the expression of the cat-86 gene in the resulting transformants. The highest level of CAT enzyme synthesis was found in transformant LBV503 (Table  3) . This strain has four times more CAT enzyme activity than the transformant LBV502, induced by chloramphenicol. These data are in agreement with the level of Cmr of transformants LBV502 and LBV503 (Table 3) . (17) . Interestingly, E. coli containing plasmid pBV5030 has a lower resistance to chloramphenicol (<20 Fg/ml). Thus, a lower concentration of chloramphenicol can be used for selection in promotercloning experiments in E. coli when plasmid pBV5030 is used as a promoter probe vector instead of pGKV210.
All of these results suggest that plasmid pBV5030 is a more convenient vector for promoter cloning in lactococci. It could possibly facilitate the cloning of promoters having different levels of activities and could be the basis for a more precise determination of functional domains of promoters from lactic acid bacteria.
